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Introduction

As part of the In-Place Pollutants Study (IPPS), which s fn turn a part
of the Upper Great Lakes Connecting Channels Study (UGLCCS), we have performed
in-depth trace organic chemical analyses on sediment samples from the Trenton
Channe! of the Detroit River. The purpose of this research was to fdentify
and quant{fy both novel and known contaminants of Trenton Channel sediments.
The distributions of sedimeutary contaminantc wers used to deduce possible
contaminant sources and Lo model contaminant transport through the Trenton
Channel. These data were also compared .ith chem1é§1 and tox‘c~lo;fcal date

generated by other javestigators particicating 1~ the IPPS.

Study Sive

Detroit River dand Trenton Chan~e’ cﬁ:nfca1 é161ng1c§1, sed1ment61ogica1:
and hydro1§g1f11 cnaracteristics havé seen described in detall in onr original
proposal (lii{tes and Swankhamer, 1985) and i{n our 1n1t1a1 ‘progress report_
(Furlong et al., 1987a). A concise summary of these characteri{stics follows.

The Detroit River, a strait which connects Lake St. Clair to the western
basin of Lake Erfe, {s one of four major channels Jjoining the Great Lakes
(Figure 1). The river 1s 51 km long and drops_about 1 m along 1its length.
The flow is primarily southerly, with an average discharge rate of 5200 m/sec
(Yaughn and Harlow, 1965).

The lower portion of the Detroit River, where the Trenton Channel f{s
1qcated. is a low-energy environment with flows varying from 0.15 to 0.60
n/sec and signfficant deposftion of fine-grained sediment. This portion of
the river has an average width of 2000 m and an average depth of 6 to 9 m.
Several islands located in this regfon divide the river into a system of
channels, many of which are used as shipping lanes. In order to accommodate

large ssagoing vessels, some of these channels are dredged; consequently, the
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Figure 1l

Detroit River study area (from Thornley and Hamdy, 1984).
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natural bottom contours of these areas are altered.

The Trenton Channel (Figure 2) 1s a major channel running between Grosse
Ile and the U,S. mainland. The channel 1s up to 350 m wide and 1s dredged to
maintain a depth of 7 to 9 m, though a small portion along the southern edge
of the channel 1s not dredged and 1is only 3 m deep (Hites and Swackhamer,
1385). This 1s one of the sediment depositfonal zones of the Detroit River.
Fine sediments carrfed from the upper river and from local sources accumulate
in this area and 1n other depositional zones aiound {slands and embayments
(Figrre 2). Hydroptohic pollutants cend to adsorb ontu these fine seiiments
ar4 can *hus become concentr:ted (Thurnley and Hamdy, 1987).

Th~ Detroi* River links the u.p;2r and lower GCreat Lakes >1d 1s one of *he
-most Heavily; travaled waterways 1in the wrrld. 1n order:to accommodzte his
tra’fic, heuvy dredging is done annua’ly by the U.S. Army Corps of ZIngineers
at the mouth of the Detroit Rivcr. A substantial sorxion of fne >cc¢mu1§ted‘
materfal results from industrial and municipal discharge into the river; the
discharge level in 1965 was about 3 million kg/day (Yaughn and Harlow, 1965).

Industrial and municipal activities In the area havevled to the wide-
spread presence of anthropogenic organic compounds in the water, sediment, and
biota of the Detroit River. There are 57 permitted Industrial dischargers on
the U.S. side and 8 on the Canadfan side of the river; collectively these
sources discharge over 20 billion L/day {nto the river (Hamdy and Post, 1985),
both upstream of and into the Trenton Channel. The heaviest industrial use of
the river is on the U.S. side, from the Rouge River south to the mouth of the
Detroit River. Major chemical concerns located along the Trenton Channel are
indicated in Figure 2. Many of the industrial wastes are from organic chemi-
cal manufacturers and contain significant loadings of complex hydrophobic

compounds which subsequently become concentratad in sediments and biota;
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Figure 2. The Trenton Channel of the Detroit River. Sediment collection and
major chemical producer locations noted.



consequently 1t can be expected that previously unidentified, unique organic
contaminants might be present in river sediments (Hites and Swackhamer, 1985),
In addftfon to industrial waste, the Detroit River receives the sanitary waste
of over 5 million people, including the waste of the largest municipal
discharger in the entire Great Lakes Basin, Detroit (population 1.2 mill4ion),
Municipal outfalls and sitormwater overflcws have also been identified as
contributors to various water quality problems. Uver 200 sewage ovarilows
empty into the Detroit River (Everitt et al., 1985). Thus, multiple sources
for individual compoundsz, multiple inp ts of complex .xixtures, and downstream
transpc-t of contaminated sediment make pollutant source identification
problematic,

A orimary focus of sast studies has been the determination of known con-

tam1dants pr:sért in sediments;of the Defroit River, In a 1974 s+udy (Fra"k
2t z21.. 1977), po1ychlor1natec b1pheny1; (PCP=) and pesticides 1ncluding DIT-
chlordane, dieldrin, and heptachlor epoxide were found in sediments of the
river. It was estimated that 3.4 metric tons of PCBs entered Lake Erie each
year from sources assocfated with the Detroit River.

In a reconnafssance study conducted by the Michigan Department of Natural
Resources (Fallon and Horvath, 1983), 31 sediment samples were examined for
the presence of U.S. Environmental Protection Agency (EPA) priority pol-
lutants. Fi{fteen different po1ycyc11c aromatic hydrocarbons (PAHs) were found
in concentrations ranging from 1 to 40 ug/g wet weight of sediment; several
phthalate esters were also found. PCBs were prevalent, with concentrations of
15 to 1700 ng/g. It was noted that a high degree of varfab{lity in PCB con-
centrations exists within depositional zones. Concentrations reported in this
study are not directly comparable to the levels found in other studies because
the samples used were composites of 50 cm cores rather than surface sediments;

such core sampling alters observed concentrations by time averaging.
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A reconnaissance study conducted by the Ontarfo Ministry of the Environ-
ment (Thornley and Hamdy, 1984) showed a high degree of PCB contamination
(1580 ng/g) in the Trenton Channel, at Fightihg Island, and in the Ft. Wayne
vicinity. DDT and {ts metabolites were also found in the Trenton Channel at a
level of 186 ng/g. PCB levels were reported tu be an order of magnitude high-
er along the U.S. shore than the Canadian shore.

Saveral other studies have revealed the presence of crjanic pollutants fn
the Detroit River. hamdy and Pozt (1985) found PCBs and pesticides, inciuclug
chlordane, DDT, anJ hexachlorobenzene, ia the mouth of the Rouge River and in
the Trenton Channel. Kafser gf al. (1985) detected 24 PAHs aud several
chlorobuncenes. Platferd ot al. (1985) measured PCBs, P;ds, and chloro-
benzenesi! and they nuted thaf PUES ond :cn'orobs.azens:z have 4 very high
affinity fc.° sediments, while PAHs part{tion beiwee: the seulments and th~
water column.

- _

The main objective for this substudy nf the IPPS {is to identify unknown
organic pollutants in Trenton Channel sediments, Oue to the large number of
organic chemical dischargers, many of these compounds are expected to be
structurally unique, and they may also have significant but as yet undeter-
mined toxicological activity. These data can also help {nterpret the toxi{-
cological data which is being generated as part 6f IPPS. If specific point
sources of wunusual hydrophobic organic compounds czn be determined, movement
of sediment-adsorbed compounds can be traced from the Trenton Channel through
the lower Great lakes, thus providing geochemical insight into the transport
and fate of potentially hazardous organfc compounds.

Project Organization and Responsibilities

Profect Mapager: Ronald A. Hites, Professor, School of Public and

Environmental Affairs and Department of Chemistry, Indfana University,
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Bloomington, Indiana. Full responsibility for goals outlined in proposal and
administration of grant. Responsible for decisions regarding research
directifon based on first-year results 1n conjunction with Dr. Mullin, Or,
Kreis, Dr. G sy, and other pr1n§1pa1 investigators from the In-Placs
Pollutants Study.

Project Associate: Edward T, Furlang, Postdoctoral Research Associate,
School of Public and tnvironmental Affairs and’Department of Chemistry,
Indfana University, Bloomington, Indizna. Responsihrle for all 15boratory
analyses an¢ quality assurance. Responsible for protocol develcpment,
analysis of samples, data collectin?, wcata f{nterpretatton. Will work 1In
confinction with a graduate research assistant, Ms. Jonna S. Carter.

Sann{{ng F}ocedures énd Custﬁdi | ?“

.Sed1ment samples were collected by tre U.S. EPA (LLRS), under the
direction or DOr., Kreis, ¢‘n conjunction with Dr. John Giesy, Michigan State
University, E. Lansing, Michigaﬁ. Samples werse co11ected from approximately
30 sites as designated b? Dr. Giesy. Samples remain in the custody of Or.
Giesy except for aliquots shipped to Dr. Hites! laboratory. Formal chain of
custody papers were not required for this project.

Analytical Methods

A flow chart of the extraction method {s given in Figure 3. Samples to
be extracted were homogenized by stirring the entire sample, and an aliquot
for percent water determination, abouf 15-20 g, was removed. Another aliquot
(10-30 g) was mixed with 30-70 g clean sodium sulfate to absorb sediment pore
water; this resulted in a loose, porous texture suitable for efficient extrac-
tion. This mixture was then placed into a glass thimble over a bed of glass
wool (to prevent loss of sediment through the bottom of the thimble). The

thimble was placed in a Soxhlet extractor and extracted for 24 hours with



Wet Sediment

Soxhlet Extraction
(Isopropunol, 24hrs;
Dichloromethane, 24hrs)
Voiume reduction (Rotary E'vobf‘orotion)
Column Chromatography
(S and Water removal,
GC/ECD/FID  GC/MS (El and ECNI modes)

FIGURE 3 SAMPLE EXTRACTION, ISOLATION AND ANALYSIS FLOW DIAGRAM



isopropanol. Just prior to extraction, samples were spiked with 2 {nternal
standards: a PCB (congener 204) and an eight component perdeuterated poly-
cyc11c.aromat1c hydrocarbon (PAH) mixture. The extraction was continued with
methylene chloride for a second 24 hours. After extraction, sediments were
discarded. The -extracts were reduced by rotary evaporation, combined, angd
solvent-exchanged to hexane.

Combinad, hexane-exchangec extracts were column=curomatographed on 20
gram, 1'% deactivated silica-gel columns, with HCl-rinsed copper at the bottom
to adsorb sulfur znd a sodium sulfate "cap" at the tuo to absorb rasfduva?
water., The sample was load=d on the coiumn and eluted sequentially with 45 ml
of hcxane 45 ml cf 10% methylene chlc-ide 1n hexane. 45 ml c¥ 1003 methy'ene
chlorige, and 45 ml of methanol. 511‘fract10ns -ere :o1jected senarately.
Fractic.. voiumes we-e reduéed. transferréd to éﬁber vials, ;ndArs‘rigerated.

The 10CT méthchne chlzride fraztic.. of some sedimen+s (S.ation 30CR, fo.
examo}e) was no? adequately M"cleaned-up" in an 8-1pch culunn of silica=-gel,
due to the high concentrations of various compounds. These samples required a
second clean-up before analysis and were rechromatographed on a second sflica
column,

Sediment fractions were initially screened, to determine relative com-
pound concentrations, using a Carlo Erba Fractovap 4160 serfes GC, with dual
electron capture and flame fonization detectors installed in series. Sample
mixtures were separated on a J&W Scientific fused silica capillary column (30
m x 0.25 mm) coated with a bonded, cross-linked DB-5 11quid phase. Hydrogen
was used as the carrier gas, and temperature programming permitted maximum
component separatfon. Dual FID and ECD analog outputs were recorded on a
strip chart recorder.

Electron capture, negative fonization GC/MS analyses were performed with

a Hewlett-Packard 5985B GC/MS system, equipped with a 30 m x 0.25 mm DB-5
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fused silica capillary column. Helium was used as the carrfer gas. Methane
reagent gas was Introduced {into the source by a modified transfer line and
regulated to an {on source pressure of 0.4 torr. Source temperature was held
at 100° C. A GC temperature program, identical to that used for GC screening,
was used to maximize compound separation (inftfal temperature 40° C, held for
4 minutas, temperature increased at 4° C/mfn to 2809, held for 30 minutes). A
range of 50-750 amu was scannec every 1.4 seconds. Emission current wac
approximately 200 uA, and eiectron energies were approximatei; 270 eV.

Polycyclic arﬁm;t1c hydrocarbous (PAH) were identified and quintified on
a Hewlett-Packard 5995 Gl/Ms system operated in the elacicon img>ct mode and
ejuipped with a 2° m x J.25 . Sc=34 fﬁsad s{lfca capiliaiy co’umn (He-lett~
Pac?acd). He'ium was used as tha car?ler gas, 2nd temperat.ir~ programmi-.g
(In{tia] t;mpératuref ¥ Z, hela for 4 minites, tempe:idtire 1ncreased at
10%/nin to 160° C, then at 3%min to 290° C, and held for 34 minttes. was used
to achievé maximum PAH component separatfon. Elecfron eneryles were approxi-
mately 70 eV.

A selected {on monitoring (SIM) program similar to that used by McYeety
(1986) was used for PAH quantitation. Molecular {fons of the different PAH
were measured in the approprfate GC elutfon window. Simultaneously, per-
deuterated PAH molecular {fons were also monitored. Selected fon chromatograms
were generated and peak areas electronically fntegrated. Mixtures of PAH and
deuterated PAH (from 50:1 to 1:50) were analyzed in the same manner as
samples. From these standard analyses, response factor curves were calculated
and used to calculate PAH concentrations for any ratioc of PAH to deutero-PAH.
Observed ratios of PAH to deutero-PAH varied from approximately 10:1 to 1:3.

Inittal quantitation of halogenated aromatics was performed by generating

mass chromatograms of selected fons from ECNI-GC/MS total {on chromatograms.
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Mass chromatogram peak areas were electronically integrated and compound
amounts calculated from response factors for the compound 1n question relative
to PCB congener 204. A1l halogenated aromatic compound classes were quanti-
fied by chlorine homologue (number of chlorines per aromatic base structure).
For example, there are 10 possible classes of PCBs quantified in this study,
corresponding to the number of possible chlorine substituants on the biphenyl
skeleton.

Electron impact GC/MS vas also performed on tho [IP5995 GC/MS using the
same column and temperature program as in ECNI-GC/MS analysic. A range nf 50-
750 amu was monitored. Otihar instrumental conditions were the same as those
used for the PAH SIm=GC/MS analyses.

Extracted sedime-* dry weignts were calculated from percent water deter-
" minations. Céncen;ratfons are expréssed‘tn nanogr;ﬁs compound per.gram éfy'
weight of sediment. Procedural hlanks were taken through all phlses ¢Ff ex~.
tractior, isolation, and analysis; final résu]ts were corrected for blunk con-
‘tributionS} if any. - |
Quality Assurance

Calibration procedures, analytical procedures. data reduction and
validation, Jinternal performance checks, preventive mainignance: We have
followed the procedures specified in the original proposal (see CR813524) and
standard established procedures from this laboratory. We will also
participate {in any Quality Control f{nter-calibratfon studies which may be
requested by the In-Place Pollutants Study Quality Assurance Program,

dpecific Procedures Used 1o Assess Data Precision, Accuracy, &
Complateness: A1l compound {dentifications were based on an 1initial match
with reference 1ibrary spectra (when available) and verified by spectra
obtained with analytical standards on our instruments. A1l spectra werse

visually examined and {nterpreted--compound {dentification were ngt based on
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1ibrary matches only. In our data analysis we also consfdered laboratory
contaminant as {ndicated by blanks. These were not significant. The types of
industry along the Huron-Erie connecting channels were noted in determining
the probab{lity of a contaminant source. All data were archived on magnetic
tape.

Rata Mapagement: A1l caiibratién curves, response factors, and compound
concentrations were calculuted using crstom-designed | otus 1-2-3 spreadsheets.
Detroit Rivar sediment ind{v{dual component and cotal concentrations for PAHs,
PCBs, PCNs, ana FCTs weie electronically tubulated and stored. n~icuival back-
up copies were also made. Data 1s available to other {nvestigators .n Lotus
sprea.sheet rormat, ASCII fi{le format, dr as printed *avulatifons. OJIF f{les
“can alzo be generated. _ . : 3

Additional data ana1ysis tools {in current =2r f;ture use f{nclude
statistical anaiyses (Microsiat, Statpro, and via modem, SAS an an IU VAX
c1u§ter). graphfcs (Sigma Plot, Graph Writer). Three-dihens?2na1 data
plotting 1s also being planned. Both parametric tests, such as simple and
multiple correlation, and non-parametric tests (including Spearman rank
correlations, principal component and cluster analyses) will be used with our
completed data set and with data sets exchanged with other Pls.

Quality Assurance/Quality Control: As part of our QA/QC plan, routine
procedural blanks were spiked with {nternal standards and taken through the
entire sequence of extraction, isolation and analysis, All results were blank
corrected.

In addition, sample replication was assessed by triplicate subsample
analyses of samples with high and low contaminant concentratfons (Stations
30CR and 25A, respectively) as iIndicated by initial surveys. Results for PAH

are contained in Table 1 and show good replication at both high and low
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concentration, and for both individual and total PAH concentrations,

The PAH method was independently checked for precision and accuracy by
triplicate analysis of a National Bureau of Standards reference material (SRM
1649; Table 1). Previous applicatfon of our analytical technique to this
standard (McYeety, 1986; Furlong et al., 1987b; Roll, 1986; Behymer and Hites,
1987) has shown that with our procedure, we consfistently reproduce certified
PAF zoncentraticns for this reference materfal.

In addition, we are currently assessing subsampie repl'ication of PCBs,
PCNs, a~* PCTs. An EPA Aroc'or 1242 (not used for response factor caicula-
tfons) with a ce~tified cnngener and homologue compositior will be used e

ass~<35 Instrumenta’ precisfica.

kesults 3
Thirty three sediment samples sent‘from LLRS were extractid,
Tractionated, and screened by € and GC)MS (Tabje 2). The purpose of th1sA
survey was two-fold: first, to determine the presence of commonly quantified
compound classes such as PCBs, pesticides, and PAH; and secondly, to {dentify
novel compounds or compound classes that are not commonly quantified.
Examination of column chromatographic fractions (see Methods)indicated that
chlorinated aromatic compounds eluted in the first two of the four fractions
and polycyclic aromatic hydrocarbons eluted in the third. However, on a
gravimetric basis, better than 50% of the Soxhlet extractable materfal fis
contafned in the fourth or methanol fraction (see Methods). Thus, we have
chosen two concurrent approaches to sample examfnation: First, we quantify
the haloaromatics, PAH, pesticides, and any unknowns contafned in the first
three sample fractions. Secondly, we are using derivatization techniques for
the polar compounds contained in the methano] fraction, making them amenable

to GC and GC/MS analysfis.

14




TABLE 2. SEDIMENT AND POREWATER SAMPLES RECEIVED AT
INDIANA UNIVERSITY FOR DETROIT RIVER PROJECT

NCI PAH
SAMPLE SEDIMENT GC/MS QUANTITATION
# EXTRACTED BEGUN FINISHED
25 X X X
25A X X
30 X X X
30CR X X X
30P X X X
30AC M A X
34 X X X
41 X X X
42 X X X
4Z X X
44A X X X
45 X X X
+7 X X X
49 X X X
51 X X
52 X X X
53 X X X
54 X v
59A X X
77 X ) X
82 X X
83 X X X
104 X X X
105 X X X
107 X X X
110 X X X
111 X X X
112 X X X
113 X X
114 X X
901 X X X
902 X X X
903 X X X
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Below we discuss quantitative results for PAH and PCBs, as well as for
two relatively unknown compound classes, the polychlorinated naphthalenes
(PCNs) and polychlorinated terphenyls (PCTs). These four compound classes,
with some minor contributions from pesticides, are the major anthropogenic
compounds eluting in tha first three chromatographiz fractions. -

As stated 1: Methods, our 1initfal quantitation of the PCBs, PCNs, and
PCTs were based oiv mass chromatograms generated from ECNI-GC/MS total 1on
chromatograms. Concentrations varied >ver three orde.s of magnitude for each
conpound class so a qua-i-logarithmic classi.icat,on svstem has besan employed
to sraphically {1%ustrate c¢oipou.d conceniratifons. Note that quantitatfca is
based on an !nternci standard and that tuta! PC8s FCNs, and PCTs are “.ie sum
of the concentrations of the differer* <hlarine hromolozue class concentra-
tions. hRosults below are q1st;,ed as incivicual coméounq classes (;JCTUQ'ﬂs
DAH), and an ntegratwd summary follows.

Sedimentary Polycyclic Aromatic Hydrocarbons: Fifteen polycyclic
aromatic hydrocarbons (PAH) were quantified in fraction 3 (100%
dichloromethane) of the sediment extracts. The separation and quantitation
technique has reproduced NBS-certified PAH concentrations 1in air particulate
m;terfal (McVeety, 1986; Roll, 1986; Furlong et al. 1987b) and {s sensitive to
100 picograms of PAH.

Sedimentary PAH concentrat1ons.are 1isted in Table 3 for ths all sediment
samples received. Individual PAH concentrations vary from 4 ng/g to 22,000
ng/g dry weight. Individual and summed PAH concentrations were compared for
all stations using a correlation matrix. There {s an extremely high degree of
correlation between all {ndividual PAH and summed PAH (ar{thmetic mean
r=0.8659.098, n=120). This suggests that the relative amounts of each PAH are
sifm{lar across a wide range of absolute concentratfons. It also suggests

efther a single PAH source or multiple sources, which are not significantly
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different in relative PAH composition or which are well mixed prior to
sedimentary PAH deposition.

In addition to being compositionally uniform, the presence of significant
quantities of photo-reactive PAH (such as anthracene and benzo(a)anthracene)
{n Trenton Channel sediments suggests that i PAH source other than combustion
derived atmospheric pariiculates contributes to the observed PAH signal. In
sediments and atmospheric particulates cullected at remote sites, where PAH
adsorbed on particulates would have had significant exposure to sunlight.
yhenarthreone/anthracene 2~< benzz(e)pyrene.'benzo(a)pyrene ratiz: are 16 and 2,
respectively ‘McVeeiy, 1986; Furleag gt al., 198vb). This reflects the rela=-
tively shori photolytic ha'i=l{ves of bénzo’a)pyrene ang arth:acone (Behymer
and Hites, 1985i. In contrast, Trentcn Channild sedireat rztios a.8 2,5 for
phenanthrcne/anthracene an? 0.93 for benzuie)pyrene,/benzo(alpy-tne,

Tetal PAH concertrations measurad in this stuﬁy ccapare rsasonably well
with concentrations calculated from the data of Fallon and Horvath (1983) for
6 stations in the Trenton Channel study area. Due to the dynamic nature of
the Trenton Channel sediment environment, large concentration differences are
observed over short distances in both data sets (see Figure 4), and results
are not directly comparable on a point-to-point basis.

Total PAH concentratfons (50-130,000 ng/g DW) are highest at Stations
110, 112, and 30CR (see Table 3 and Figure 4). Statfons 30CR and 110 are
located 1n the vicinity of the Pennwalt and Wyandotte Chemical companies and
the Federal Marine Terminal, a hazardous waste disposal site. Station 112 is
located offshore of El{zabeth Park and a Mob{l 011 outfall. These are poten-
tially signfificant sources of PAH to the immediate vicinity. However, locally
high PAH concentrations at sites more distant from PAH point sources are less

easily explained. Deposition of PAH rich, fine-grained particles {in certain
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Figure 4 Trenton Channel sedimentary total PAH concentration distributions.
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regions (Fallon and Horvath, 1983) fis 1ikely to be a major complicating
factor.

PAH concentrations throughout the Trenton Channel are, however, {ndica=-
tive of significantly contaminated sediments. Sediment samples from remots
sites typically contain PAH concentratfons under 10,000 ng/g (Furlong et al.
1987a), 1in comparison to total PAH concentratiors of up tn 130,000 ng/g fin
Trenton Channel sediments. This 1s particularly remarkatle g3iven that the
1ikely residence “ime of Trenton Channel sediments {s short, suggesting tha+
+ha yearly throughput of PAH 1s high. The Detroit River=Trenton Channel
could be z significant PAH source to Lake Erfes; both 1n the western renfon and
lakewide, depending on the dynamics of lake sedimeat transport. Jafra :nd

H1tas‘(l986) f.ferred rapid (< 1 year) transiort of fluorinaced arcmatic con-
. :t;minants from thé Nlagara River to the entire dipcsitin-al ?=g1nn of | ake
Ontardfo. A sim?lar process covld be invoked in Lake Erfie far particle=ho''nd
‘PAH,

PCBs: PCBs are a well recognized environmental contaminant; they have
been {1dentified {n sediments, water, afir and‘;1olog1ca1 tissues from both
pristine and highly polluted environments (Erickson, 1986; Kimbrough, 1980).
Previous investigations of Detroit River sediments have indicated PCB
contaminatfon varying from below detection to 3,800 ppb (Hamdy and Post, 1985;
Kaiser af al., 1985). Total PCB distributions (sum of Clé to Clyg homologues)
are {llustrated in Figure 5 for a 12 sample subset of the total sample set.
Table 4 contains total PCB and individual chlorine homologue concentrations
for these same samples.

Several points can be made regarding PCB distributfons. The first is
that, within the Trenton Channel, highest PCB concentratfons occur at Station
110 and decrease significantly both upstream and downstream from the station.

Also total PCB concentrations are elevated in several downstream stations
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Figure 5 Trenton Channel sedimentary total polychlorinated biphenyl (PCB; sum of
chlorine homologue) concentration distributions.
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(Figure 5). The observed distribution is similar to total PAH (Figure 4), and
can arise from two processes: (1) input from a local source at Statfon 110,
and (2) concentration of fine-grained, contaminant enriched sediments in depo-
sition zones coinciding with locations of high PCB containing samples.
Significant sedimentary PCB contaminatica upstream and downstream of the
Trenton Channel has been previously ooserved (Ol1iver and Bourbonniere- 1945;
Kafser et al., 1985); this suggesfs multiple sourres o7 PCBs concributing to
sediment *ranspor.ed through the Trenton Channel, Thus, Trenton Chanrel
sediment PCB contamination car.aot be unambiguously {clantified as resulting
from within ctannel contamination or pre-contaminated sed.nent transoort.

Concentrations and distributions of PCB chlorine homologues may p-ov.de
more ~~ochemical a~d source 1;format1on. In the United States, ~~mmercial PCB
mi.tures were d'stributed primcrily as 1200 scries Aronlor mixtures by the
Monsanto Company, and these mixtures had relatively well defined rercentages .
of Cl-homologues in each mixture (Hutzinger et gl;. 1974; Brinkman and de Kok,
1980). Many previous PCB analytical methods have attempted to quantify
environmental PCB contamfnatfon in terms of the concentration of an Aroclior
mixture (Erickson, 1986). However, observed PCB distributfons can reflect
differential degrees of solubility, sediment adsorption, vaporization, and
bloaccumulation; this is reflective of a compouna class containing the range
of solubflities, heats of vaporization, and other chemical properties
exhibited by PCB chlorine homologues (Pearson, 1982).

Chlorine homologue compositions observed in Trenton Channel sediments are
skewed towards higher chlorine homologues, as would be expected from homologue
volati1ity, adsorption, and solubility (Hutzinger et al., 1974). Significant
concentrations of decachlorobiphenyl may result from direct {inputs of this

homologue which was commercially produced and imported into the United States
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in significant quantities (Brinkman and de Kok, 1980). However, df=- through
nona-chloro PCB homologue distributions in Trenton Channel sediments (Table
4), when compared to Aroclor homologue compositions (Hutzinger gt al., 1974),
suggest possible alteration from original source materials.

Polychlorinated Naphthalenes

Poiychlorinated naphthalenes (PCNs), a chlurinated aromatic class
analogous to PC8s, have besn commerciaily produced since World Wir I. They
nave s‘milar physical and chemical properties as PCBs, but since the introduc=-
tion of PCBs {in 1329, “hevy have been a much spaller fraciion of comm-rctal
Faloaromatic prouuction (about 108 of PC3 production; Brinkman ari de Kok,
1980). Commeccial uses of PCNs prior to the 1950's w273 as lielectrics, wa*sr
repellants, and lubricants. .ﬁfter the 1950's prgductxon declined and since
1973, the major use ras been ir automub:le cabac}tors (Brinkman and Reyrer,
1975).

Environmental PCN concentrations héve not been extensively reported
(Kimbrough, 1980). PCNs have been noted {in Detroit River samples but not
previously reported (M. Mullin, personal communication). Trenton Channel
total PCN concentrations for the 12 sample subset are mapped in Figure & and
total PCN and individual C)] homologue concentrations are listed in Table 4.

Total PCN distributions are similar to total PAH and PCBs (Figures 4 and
5), with highest concentrations at Stations 110, and decreasing concentrations
downstream. Since PCN concentrations have not been commonly reported for
other Detroit River samples, 1t {s not clear whether PCN contamination 1is
systemic {n the Detroit River or localized i{n the Trenton Channel.

Compos{tional alteratfon of sedimentary PCN chlorine homologue distribu=-
tions 1s expected to be similar to the previously discussed PCBs. However,
compositions of commercial PCN mixes (Halowax 1000 series) are more variable.
However, octachloronaphthalene 1s {dentified {n sedimentary PCNs and was not
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Figure 6 Trenton Channel sedimentary total polychlorinated naphthalene (PCN;
sum of homologues) concentration distributions.
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identified in Halowaxes examined in this study, suggesting sedimentary mix-
tures contain relatively greater abundances of higher Cl-homologues. The
extent of commercial production of octachloronaphthalene {s unknown,
Polychlorinated Terphenyls |

Polychlorinated terphenyls (PCTs) are chlourinated terphenyl analogues of
PCBs. Thelr production {s a small fractivn of PCBs (maximum U.S. PCT produc-
tion: 20 x 10% 1b. fa 1971, Srinkman and de Kok, 1980), and +hey; were
commercially produced by Monsanto as pure PCT mixes (Aroclor 5400 serias) and
25 PCB=-PCT mi:tures. PCis are compositionally complex and are comprised of
both chlorine positional {somers and pqs1t1ona1 isomurs of tha third phenyl
ring ‘ortho, meta and paral). As a res.lt, ga- and total ifon chromatograms of
bot™ écmmerc4a1 PCT mixtures and seh1uent é&tractstare haracterized by a
poorly resolvad mixture of broa. peaks eluting at the end of a typical
chromatogram (Figure 7). In inis study, PCTs were quantified b, summing the
fon abundances of the most common PCT 1on$ (corresponding to C1-9 to C1;14
homologues) and quantifying with respect to PCB congener 204, using a response
factor determined for Aroclor 5460, a common PCT mixture. PCT concentrations
are reported only as total PCT; no C1 homologue information has yet been gen=-
arated. Total PCT distributions for the 12 sample subset are mapped in Figure
8 and listed in Table 4.

PCT concentrations range over 4 orders of magnftude, from a high of 1S
ppm at Statfon 110 to undetectable concentrations both upstream and downstream
of the Central Trenton Channel. Previous reports of environmental PCT con-
famfnation have associated particulate PCTs with investment casting facil{ities
(Stratton and Sosebee, Jr., 1975)., U.S. production of PCTs ceased 1in 1971,
along with the cessation of PCB production. Increasing import of PCTs after

1971 were primarily for use 1in {nvestment casting as a slow shrinkage wax
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Figure 8
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f1{1er (Brinkman and de Kok, 1980). This use, coupled with the absence of
quantifiable PCTs at the beginning and end of Trenton Channel, suggest a
localfzed Trenton Channel PCT source associated with one or several {ndustrfal
concerns currently or formerly operating in the vicinity of Station 110,
Station 110 1s located adjacent to a closed steel products-factory. However,
other small, less well regulated commercial concerns arc located fn the
region, as well as a significant bazardous waste site (the Federal Marine
Terminzl), so final linkage of PCTs to a source {s tentative.

oelas Compownds:  Sur.iace sediment from slat,on 30CR was anal:zeu 1n
detall using yas chromatographic mass cpect.onetry (GC/MS) in methane enhanced
electron captuia uogattve fe~1zatfon (ECNI) and electr-on impact (EI,
1on‘21£10n modes. F.{or tc ana7y£15.~the sample was <.parated {ato flive
frestions, the fuur most polar of which were exunined. The three most polar
fractiv.s wure methyiated using CHZNZ in orcer to improve cJhromatoyriphy and
deterﬁine {f any compounds with acidic hydrogens were present in the sample.
The purpose of these analyses was to characterize site 30CR through
identification of the general compound classes and specific organic compounds
present. Such characterization would help 1in determining {f any unusual
pollutants are 1ikely to be found in the river. The major compound classes
{dentified 1n sample 30CR {nclude steroids, alkyl substituted naphthalenss,
phthalates, carboxylic acids, and volatile halogenated species; based on this,
i1t appears that possible contributors of organic contaminants to this site
{nclude sewage, nearby fndustry, and leachate from a landfill adjacent to the
sampling site.

Sample 30CR is at the mouth of a small creek adjacent to the Federal
Marine Terminal (FMT) 1n Riverview, Michigan. The FMT {s a 30 acre patch of
land Jutting from the shorse into the river. Th1s‘1and was used by BASF

Wyandotte Corp. as a landfi1l for chemical/industrial mater{als from 1951 to
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1979, at which time the dump site became the FMT. A 1979 study on the
subsurface waters of the landfill indicated high levels of some organic
compounds including naphthalenes, PAH's, and volatiles (J. Glesy, pers.
commun). Statfon 30CR 1s ;150 located near the Trenton sewage treatment plant
and several industriecs, {including a manufacturer of organic chemicals
(Pennwalt Corp.). 30CR {s one of the master stations in the IPPS, and 1t was
fourd to be cne o the most polluted with respect to PLB'z, PCN's, PCT's, anA
PAH's (Fu~long et al., 1987a). The sediment at this site also exhibits high
toxicity fn many bioassays such us Mfcrntox, uaohnid toxicity, and chironomid
growth rate reduc*tior (J. Glesy, pers. commun.). Both 1ts chemical a~d

toxiciiogical properties, as wel! as its 1ncation (mid frenton Channel), made

t61s site ﬁorthytof détailed 1n;c;t|gat1un. Observations and -esults °
:Fesented in th's repurt xwi1l: allow for some insight {into the 1ixalihecod of
finding previously unidentified pollutants 1in the Detroft River system, and
provide direction for the {nvestigation of other sites.

Sediment from 30CR was Soxhlet extracted, and the extract was fractionated
by absorption chromatography (silica gel) using CgHy, = CHC1, (9:1), CHC1,,
CHC1, = CH3OH (98:2), CHC1, -CH3OH (92:8), and CH3OH. A1l CH30H containing
fractions were solvent exchanged into CH,Cl, and divided into two subsamples
each, one of which was subjected to derivatization while the other was
unaltered. Derivatization was achieved by treating samples with 0.2M CH2N2
in hexane. A1l factions and subfractions were analyzed by ECNI (100' and
250'C) and EI GC/MS. GC temperature programming covered the range from 40'C
to 280'C (4'/min., 94 min. total run time); masses from 50 to 750 amu were
screened using the acquire mode. As {s often the case when developing a new
methodology, many procedures had to be modified and repeated. All analyses of

the least polar fraction (CgHyy - CH2C12) were disregarded because of {ts
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unexplainable chrdmatograph1c behavior (stripping of statfonary phase); thus
the results presented in this section do not include compounds which would be
present in this fraction such as hydrocarbons, PCN's, PCB's, and PCT's.

Results of the analysis of 30CR are presented in Table 5. Carboxylic
acids, phthalates, PAH's, and cholesterol related compounds were the mést
abundant classes 1dent1f1§d; tnis implies that the sediment of 30CR is
receiving an ‘nflu~ of sewage reiated materfals and common {fncustrial by~
products. The presence of these ccmpounds 1s not surprising given that both a
wasia water treatmen* picat and *eavy induzlr, are {n the il.meaf-te vicinity.
Alkyl sudo*itutel -~ape*idalencs and somc volatile orgarics we.'e also round at
rhis c1te. The FMT 1s a probahb'~ sc:-~ce of these cumpounds as they were fouri
in h‘gh concentratfons during a 127 study ~f the lan“fi11 (J. Gfesy, p.-s.
comm:n.,. he possible souicec mentioned above are difficult o confim at
this stage given the "bigquity of che pollutints in question. Bromirated
phenols were among the more interesting cumpounds identified. Thelir.source is
unknown at present, but possib]e‘:andidates {include the FMT or industry
upstream of 30CR. Although few truly novel pollutants were found, the
{nvestigation of site 30CR should prove useful in the continuing search for
previously unknown pollutants in the Detroit River; the methods developed can
be applied to the analysis of other sample sites, and results from 30CR wil]
provide a guideline on what types of compounds can be expected.

The relationship between steroids and sewage 1s being studied to further
understand the implications of the results obtained for 30CR. Also, the
results of IPPS bioassays are being studied 1n relation to sewage and organic
contaminant levels. Detailed investigation of polar fractions isolated from
Detroit River sediments, using the methods outlined above, {s continuing with
the analysis of site 25 (north Grosse Ile) and site 105 (south Grosse Ile).

sediments from both of these sites exhibit high toxicity. Additionally,
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ALIPHATICS

Compuuad

tetrachlorcetheune
cyclobexenol
zyclohexenone
bicyclo(2,2,1)heptane
2,4=octanediore
myristic e<id
paiaitic actd
stearic acid
dinctyl adipate
aliphatic ketones
aliphatic amines .
aTiphat’c amides -
alioha.ic alconols

SUBSTITUTED BENZENES

dinitrophenol
dibromophenol
pentachlorobenzene
hexachlorobenzene
pentachlorcaniline
benzaldehyde
thiocanisole
nitroaniline

cresol
dimethylphenol
pentachloroanisole
S-bromo=-2-hydroxy-
benzene ethanol
pentachloro thio=-
anisole
nitrophencls (2)
benzoic acid
dibromomethylphenol
nonylphenols (4)
dichlorobenzophenone

TABLE 5

Organic Compounds Identified in
Detroit River Sediment Sample 30CR

camplel  MS Method?
CH-C1 100!
CH;OHZU EI
CH.OH U EI

2%°D EI

72D EZ

8% U EI

8% u EI

o2 U 1

8% v EI.

%, 8%, CH30H EI
2%. 8%, CHyH  EL.
2%, 8%, CH3OH EI
2%, 8%, CH;OH ET

2 U 100"
CHgOH U 100"
CHCT, 100"
CHyC1S 100"
CHC15 100"
2y El

CHyOH D 100"
85" U 100"
8% D EI

CH3OH U El

CHCT, - 100
CHyOH U 100"
CH.CT 100"
o220 2 100"
8% U EI

CH30H U 100"
237D EI

20U 100"
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‘Retenticp(min.)

4,87

9.152
11.033

5.839
?1.243
38.743
44,07¢
+8.667
52.827

20.95
22.80
28.20
36.18
39.90
10.593
13.28
14,.€2
17.491
20.390
36.50

38.98

42.47
15-19
15.879
27.20
39-41
41.08

Relative

fr+r+r+o E?

++++++00000

+
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SUBSTITUTED NAPHTHALENES AND BIPHENYLS

naphthaldehyde
biphenyl
{sopropylnaphthalene

methylnaphthalenes (2)

dimethylnaph-
thalenes (4)
trimethylnaph-
thalenes (5)
m=thyl {isopropyl-
naphthalenes (3)
PCB's (C1 4-10)

PHTHALATES AND MISC.

phthalic acid

<lpha chlerdane

gamma chlordane
nonachiors (2
butyiuenzyl ohthalate
diovtyl pnchalate
dibutyl phthalate
ui(2=cthyluexyll}-
phthalate

PAH's

acenaphthylene
flourene

coronene
acenaphthene
benzo(e)pyrene
benzo(alpyrene
benzo(ghi)pyrelene

STERQIDS

cholestencne
trimethylcholestanol
cholestenes (2)
cholestadiene
cholestanone
methylcholestanol
dimethylcholest-
anols (2)
dimethylcholest-
enols (2)
cholestanols (2)
cholestenol

s 20V
CH,C1
ot
CHZC12

CH,L1,
CH,C1,

CH.C
oot

CH,C1

oot
CH2012
CHZC12
CHL15
CHZC’I2
CHZC’I2

8% U
8% U
CHaOH U
CH30H U
8% U
8% U

8% U
82 U

8% U
8%z u

100!
EI
El
El

EI
El

El
100!

EI

100
100
100!
100
10¢!
El

EI

El
EIl
100"
EI
100
100"
100!

El
El
EI
El

EI
EI
El

EI
EI
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27.83
28.968
33.170
26-27

29-31
34-36

37-39

26.658
45,07
46.80
47-50
49,03
52.35
55.142

57.071

31.344
35.650
77.70
32.533
59.43
61.78
66.05

70.751
73.417
63-64

65.898
68.604
69.051

72-73
73-74

67-68
67.458
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++++
++++
++++

++

+++
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1 sample fractions, designated by eluting solvent from column chromatography:
CHZC1 - dichloromethane
X - ES methanol {in dichloromethane
8% - 8% methanol in dichloromethane
CH,OH - methane
D = derivatized with diazomethane
U - underivatized with dfazomethane

2 100' - electron cap*ure negative fonization
ETl - electron 1mpact
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arrangements for the collection of sediment grab samples outside the Trenton
Channel area are being made. Analysis of these samples will permit
characterization of the entire river system and assessment of {ts potential
for acting as a source of traceable compounds which could be used to study the
fates of 1ipophilic organic pollutarts introduced to the western basins of
Lake Erie.

Comparisons of Polycyc]ic Aromatic Hydrocarbon Concentrations With
Halogromatiz Zompounds and Besults From Other Investigators: PAH are
significuatly positively énrre1ated with PCBz, °CnhNs, and PCTe cor:zencrations
(T>ble 6) determined thus far. PAH concentrations are also positively
correlated with all ;he anthropogenic trace metals measured by the QﬁP1nto
éroup (Cu, Nf, in, Fb, an4 £n) er-~ept for (d and Cr. A ~lot of total Pb
vercus tetal PAH {n Trenton Channel Sedimen*s {s shown {r rigure 9. The lact
of corre1at1on for Cd and Cr may be due to remobilization 1n depositional
environments that become ano£1c. releasing Cd and Cr via pore water diffusion
and subsequent downstream transport (M. Hermanson, pers. commun.}.

PAH are significantly negatively correlated with several of the the
toxicological parameters measured by the Gilesy group. PAH concentration
increases are correlated decreases in Chironomid growth rates and with
decreased Daphnia LD;q4s and LDSOS estimated for porewaters from Trenton
Channel sediments. Total chironomid growth observations (in porewater) versus
total sedimentary PAH concentrations are plotted in Figure 10. The small
inset figure is the same plot less the data for Station 110, which has the
highest PAH concentrations, but 1s not extremely toxic, Corr91ation with
Microtox 1s not as satisfactory, and I suspect the reason {is twofold: 1)
Microtox are more sensitive to metal contamination than organic contaminants

(J. Glesy, pers. commun.) and, 2) Microtox results for the Trenton Channel
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Table 6. Correlation Matrix of Organic Contaminant Total
Trenton Channel Sediments.

Total PCNs Total PCR3 Total PCTs

Total PCas 1.00000

Totai PCBs 0.51786 1.00000
Total PCTs 0.3829y 0.589C14 1.00000
rotal PAH 0.88382 0.77597 0.89718

Cricical Value (1 tail, 0.0Y) = +0.49932; n=l
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|

Figure 9. To:al Polycycl ¢ Aroracic Hydrocarbon (PAH) concentrations (ug/g
dry weight of sedimnt) versus Tctal Lead (ug/g dry weight of sediment) 1in
Trentoh Channel surfuce sedimenis,
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Figure 10. Chironomid Total Growth (as Dy Weight in mg) over ten days 1n
porewaters from Tranton chanrel vsediments versus Total PAH concentrations
(ug/g dry weight of «sdiment) in Trenton Channel sediments from the same
statfons. Inset graps is the sane plot, less data from station 110,
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cluster at both 0% and 100% toxicity, with few points in between,
Susmary

‘Iniftial analyses of Trenton Channel sediments, with multiple trace
organic analytical techniques, indicate a wide range of contaminant loading to
sediments. Statfon 110, near Monguagon Creek, {s the most contaminated site.
A1l compound classes anatyzed are most abundant at this site; there are low
contaminant concentrations upstream of this stacion and de<reasing contaminant
concenti-ations downstream,

Determi ation of contaminant sources 1s complisated by multinie possi:le
sources, both upstrea:s. of the ~h:-nnei and witi.¥a 1.e channel, Seigc.ive
dern~sicion of contirfnpan* rich, fine-grained .ediment w’thin trs chunnel re-
+ sults 1n increased hetarogeneity of sample corcentrations, further obscuring
scdrcs~sink celatfonships,

"~ In addition to the commonlv measured Pu3s and FAH, two rovel (lasses of
haloaromatic compounds, the polyciilorinatea naphthalenes (PCNs) -and the poly-
chlorinated terphenyls (PCTs) were 1dentified and quantified. PCN and PCT
distributions may emanate solely from a within-channel source and could serve
as a unique chemical i{ndicator of sediment transported organic contamipants

from the Trenton Channel to Lake Erie.
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